Abstract. Taxus chinensis var. mairei is an endemic, endangered and first-class protected tree species with great medicinal values in China. Its forest distributes in very limited region and its area is reducing during the last 30 years. Conservation of this species and its communities is urgent. This study aimed to reveal relationships of T. chinensis var. mairei forests with soil variables and topographic variables in Shanxi of China. Floristic data and environmental data from 95 samples of 10 m × 10 m in temperate region were analyzed by TWINSPAN, DCA and CCA, and species diversity indices. Eight forest associations were recognized by TWINSPAN and testified by DCA. These associations with special characteristics were main forest types of T. chinensis var. mairei. The results of CCA showed that the vegetation patterns are related to both soil variables and topographic variables. Among the soil variables, soil organic matter, water content, N, P, Zn and Mn were the most important factors explaining the spatial patterns of forest communities. The topographic variables, elevation, slope and aspect were also significantly correlated with the vegetation. Interactions between the environmental variables were apparent. Species richness, diversity and evenness were significantly related to elevation, but not significantly related to other variables. Further measures for the conservation of T. chinensis var. mairei and its forests must be undertaken.
Introduction
Conservation of endangered species and their habitats is a priority feature of environmental policies in many countries and international organizations Oyonarte et al., 2008) . Humans have inflicted so much ecological damage on the planet that a real concern is how to protect what remains (Pickett et al., 1997; Larsen and Olsen, 2007 ). Estimates of current and future extinction rates suggest that we will lose double-digit percentages of the existing species on the Earth in the new century (Pimm & Askins, 1995) . Already, many plant species are listed as endangered (Orians, 1993 ; World Conservation Monitoring Center, 1992). The China red book of plants lists hundreds of endangered plant species (Fu, 1991) .
Plants in genus Taxus produce chemicals of Taxol which is an effective medicinal compound against several cancers. Therefore, species of Taxus are considered as important resource plants in China. There are 5 species in the genus of Taxus Linn. in China. They are T. cuspidate, T. wallichiana, T. mnnanensis, T. chinensis and T. chinensis var．mairei. These species can only be found in mountainous areas in China (Wu, 1979) . T. chinensis var. mairei (Lem. & H. Lev.) W. C. Cheng & L. K. Fu, a lowgrowing tree species, is an endemic, endangered and first-class nationally protected species in China. It is distributed in limited areas of Yunnan, Sichuan, Hubei, Shanxi provinces and Guangxi autonomous district (Wu, 1980) . However, natural forests dominated by T. chinensis var. mairei can only be found in Guangxi, Sichuan and southeastern Shanxi (Ru et al., 2006) .
The conservation situation of T. chinensis var. mairei and its forest is becoming worsening due to the destruction of natural vegetation and collection of its leaves, branches and even stems and roots for medicines since 1970s, the distribution of this species and its communities have been progressively reduced (Fu, 1991) . Conservation of this endangered species and its habitats are becoming urgent, and basic studies are needed for its conservation. Despite widespread research on this endangered species, including its taxonomy, chemicals, genetics, reproduction and cultivation (e.g. Wu, 1979; Huo et al., 2007; Jin et al., 2007) , study on community ecology of forests dominated by this species is unsatisfactory and needs to be further strengthened (Zhang et al., 2006b ). This paper mainly focuses on ecological relations of forests of T. chinensis var. mairei and their environmental variables by using multivariate analysis methods. Thus, the objectives of this study were: (1) to identify the community types and analyzing their composition and structure; (2) to elucidate the relationships between forest vegetation and topographic and soil variables, and to find the most important variables to the endangered species and its forests; (3) to define the pattern of species diversity and to interpret the this pattern in relation to environmental variables in the T. chinensis var. mairei forests, Shanxi; And (4) Finally, some measures of conservation management for this species and its communities are proposed.
Methods

Study area
T. chinensis var. mairei and its forests are distributed in only four counties, Huguan, Lingchuan, Yangcheng and Qinshui, in southeastern Shanxi (Fig. 1) . This area is located at E111º33' -113º35', N35º10' -35º37', and including eastern part of Zhongtiao Mountains and southern part of Taihang Mountains. The elevation varies from 600 m to 1500 m. The climate of this area is warm temperate and semi humidity with continental characteristics and controlled by seasonal wind. The annual mean temperature is 5 -13.3 C, the monthly mean temperatures of January and July are -5 --0.5 C and 23 -26.1 C, respectively, and the annual accumulative temperature more than 10 C is 2700 -3500 C. The annual mean precipitation varies from 503 mm to 670 mm, 70% precipitation occurring in July to September within a year. Several soil types, such as cinnamon soil, mountain cinnamon soil, mountain eluviation cinnamon soil and brown forest soil can be found in this area.
Sampling
Based on a general survey of T. chinensis var. mairei species and its communities, five study sites in the four counties were determined (Fig. 1) . Ten to thirty-five quadrats of 10 m × 10 m were established randomly at each site. The number of quadrats at each site was dependent on the area of T. chinensis var. mairei forest. The cover, height, basal area, individual number for trees, and the cover, height, abundance for shrubs and herbs were measured in each quadrat. The cover of plants was estimated by eye, and the heights were measured using height-meter for trees and using ruler for shrubs and herbs. The basal diameters of trees were measured using calipers and were used to calculate basal areas. Altogether 128 plant species were recorded in 95 quadrats. Elevation, slope and aspect for each quadrat were also measured and recorded. The elevation for each quadrat was measured by altimeter, the slope and aspect measured by compass meter. Five soil samples of 20 cm in depth in each quadrat were taken by use of soil cylindered core sampler, and were thoroughly mixed and then one quarter was collected and taken to laboratory for chemical analysis. Soil samples were air-dried and analyzed in laboratory. Soil pH, water content, organic matter, total nitrogen, total phosphorus, K, Cu, Mn, Zn were measured as soil variables. These variables were selected because some of them, such as N, P, K, organic matter, are most important nutrient elements, and some of them, such as micronutrient elements Cu, Mn, Zn, are not sufficient in the studied area (Liu, 1992; Ru and Zhang, 2000) . A 1:2.5 ratio of soil to distilled water suspension was used to measure pH using a Whatman pH sensor meter. Total nitrogen was estimated using Kjeldahl extraction, and total phosphorus was measured via the HCLO 4 -H 2 SO 4 colorimetric method (molybdovanadate method). The organic matter was measured using the method of K 2 Cr 2 O 7 -capacitance. The K, Cu, Mn, Zn were measured using an Atomic Absorption Spectrophotometer. Water content was measured by oven method.
Data analysis
We used Importance Value of each species as data in community analysis and calculation of diversity indices. The importance value was calculated by the formulas The relative dominance refers to species basal area. The species data matrix is the importance values of 128 species in 95 quadrats.
The environmental data matrix is the values of twelve variables, nine soil factors plus elevation, slope and aspect, in 95 quadrats.
Two-way Indicator Species Analysis (TWINSPAN) (Hill, 1979) for classification, Detrended Correspondence Analysis (DCA) and Canonical Correspondence Analysis (CCA) (ter Braak and Smilauer, 2001) for ordination were used to analyze the variation of communities and their relationships with environmental variables. The calculation of TWINSPAN, DCA and CCA was carried out by computer program of TWINSPAN (Hill, 1979) and CANOCO (ter Braak and Smilauer, 2001) respectively.
Three species diversity indices, one for species richness, one for species diversity, and one for species evenness were used to calculate species diversity in the forests of T. chinensis var. mairei. They are Species number (as a richness index):
Where P i is the relative importance value of species i, P i =N i /N, N i the importance value of species i, N the sum of importance values for all species in a quadrat, S the species number present in a quadrat (Pielou, 1975; Zhang, 2004) .
The Pearson regression and correlation methods were used to analyze the relationships between species diversity indices and environmental variables. The structure and environmental characteristics of the eight associations above varied with great similarity ( Table 1) .
Results
Forest communities
The partitioning of the 95 quadrats in the DCA ordination space conforms closely related to their grouping by TWINSPAN (Fig. 2) . The first two DCA axes represent the same gradients represented by the group ordering identified by TWINSPAN. These gradients are comprehensive related to topographical and soil factors. 
Forests and environments
In the CCA ordination, the Monte Carlo permutation test indicated that the eigenvalues for the first canonical axis and for the all canonical axes examined were significant (P < 0.001) (ter Braak, 1986). The eigenvalues for the first three axes were 0.348, 0.272 and 0.201, and species-environment correlations for the first three axes were 0.906, 0.868 and 0.877 respectively (Fig. 3 and Fig. 4) . The canonical eigenvalues indicated separation along the measured environmental gradients. Eleven of the twelve environmental variables were significantly correlated with species and community distribution in Taxus chinensis var. mairei forests ( Table 2 , Fig. 3, Fig. 4) . The dominant environmental variables correlated with the first CCA axis were elevation, aspect and soil Zn. Except for these variables, the slope, soil organic matter, water content, N, P, Cu and Mn were also significantly correlated with the first CCA axis. The dominant environmental variables correlated with the second CCA axis were elevation, soil organic matter, N and Cu. Except for these variables, the slope, aspect, soil water content, P, Zn and Mn were also significantly correlated with the second CCA axis. The environmental variables correlated with the third CCA axis were elevation, slope, aspect and soil pH. Soil K was not significant on any of the first three axes. The canonical coefficients, which represent the regression coefficients between CCA axes and environmental variables produced in the CCA analysis, showed similar relationships of environmental variables with vegetation and species ( Table 2) . Both the soil variables and the topographic variables were significant in affecting the spatial distribution of vegetation and species, because these variables interact and influence each other (Glaser et al., 2000; Zhang, 2002) . Soil nutrients, such as N, P, Mn, Zn, Cu were significantly correlated with each other, and are related to soil organic matter ( Table 3) . Most soil variables with obvious effects on plant communities were correlated with aspect and slope. Soil K and pH were not correlated with other nutrients. The relationships between topographical variables were not obvious. http 
Species diversity in forests
Species richness, diversity and evenness showed as significant linear relationships with elevation change (Fig. 5) . This suggests that elevation is important factor to species diversity in communities of T. chinensis var. mairei. Species richness, diversity and evenness are increased with elevation increasing. The relationships between species diversities and other environmental variables were not significant except soil pH which was related to species evenness ( Table 4) . 
Discussion
T. chinensis var. mairei forests in the study area varied in composition and structure. TWINSPAN successfully distinguished them into different forest associations. The eight associations represent the general forest types of T. chinensis var. mairei in warmtemperate area in China (Wu, 1980; Zhang et al., 2006a) . They are almost all secondary natural forests. The classification scheme of forest communities is reasonable according to the Chinese vegetation classification system (Wu, 1980; Ma, 2001 ). The composition of tree layers of these associations is simple and very similar to each other. Taxus chinensis var. mairei, Pteroceltis tatarinowii and Carpinus turczaninowii are codominant species in these associations, and their difference is the proportion of these three species (Zhang et al., 2006b ). The shrub layers and herb layers of associations varied greatly, and the dominant species and composition of shrubs and herbs played important roles in community differentiation (Zhang and Chen, 2007) . The results of TWINSPAN were proved by DCA analysis. Each association had its own distribution area in the DCA space, and their ordination was related to environmental gradients. The DCA axes were comprehensive gradients of topographical and soil factors (Zhang, 2004) .
The environmental factors are important to plant growth and vegetation development (Brunner et al., 1999; Liu, 1992; Molles, 2002) . CCA analysis indicated that topographical and soil variables were significant to T. chinensis var. mairei forests in warm-temperate area (Zhang, 2005) . Among topographic variables, elevation was the most important factor in relation to vegetation distribution pattern. This is mainly due to the changes of precipitation and soil moisture along altitudinal gradient, i.e. precipitation and soil moisture are improving with the elevation increasing. Precipitation is a limiting factor to plant growth and distribution in this area (Zhang et al., 2006a; Zhang and Chen, 2004) . Beside elevation, slope and aspect were also significant to spatial variation of T. chinensis var. mairei communities in the study area. The variation of elevation, slope and aspect also affects the change of soil variables (Anderson, 1982; Molles, 2002 , Paschke et al., 2003 Saeki, 2007) .
The soil nutrients are key factors to plant growth and vegetation development and the importance of nutrient factors in a community or a region depends on their amount and distribution (Brunner et al., 1999; Saarsalmi et al., 2001; Oyonarte et al., 2008) . Among soil variables analyzed, the organic matter, N and Cu, P, and Zn were greatly correlated with community distribution and variation. Except for these variables, soil water content and Mn were also related to the forest variation. Some of these factors were the most important nutrients and some of them were distributed unevenly in the area of T. chinensis var. mairei community distribution (Liu, 1992; Ma, 2001 ). The soil organic matter was significant to vegetation distribution, for many nutrients were related to organic matter in soils (Wu, 1980; Zhang and Oxley, 1994) , and the accumulation and amount of organic matter were strongly related to temperature and moisture in soils (Anderson, 1982; Wu, 1980; Zhang, 2002) . For micronutrients in soils, community variation was more significantly related to Mn and Zn, this is due to that the spatial distribution of these two elements are uneven, and they were not sufficient in some communities (Ertli et al., 2004; Zhang et al., 2006b ). Soil water content was significant because precipitation was a limiting factor to plant growth and vegetation distribution, and it was significant to nutrient efficiency (Anderson, 1982; Zhang, 2002; Fosaa, 2004) . The effects of soil K and pH on T. chinensis var. mairei communities were not apparent, because their variations among associations were small. This is identical to the results of some woodland and grassland soil studies in this area (Ma, 2001; Zhang et al., 2006b ).
All the ecological factors coexist and act on plants and vegetation simultaneously in communities and ecosystems (Molles, 2002) . These factors, including topographic variables, soil variables and human activities, interact with each other, and this interaction is very complicated. In our study, the most important nutrients, soil organic matter, water content, N, P, Zn and Mn were significantly correlated with each other (Paschke et al., 2003; Jin et al., 2007) . The most soil variables were correlated with aspect, and some of them related to slope, i.e. the variation of aspect and slope affects other environmental variables that further influence plants and vegetation (Bergmeier, 2002; Fosaa, 2004) . The topographical variables were not significantly correlated with each other which may be due to their small variations in T. chinensis var. mairei forests Ru et al., 2006) .
Species richness, diversity and evenness were all shown as a significant linear relation with elevation in the T. chinensis var. mairei forests. This is consistent with many other studies of forests (Stevens, 1992; Lomolino, 2001; Zhang et al., 2006b ). They were increased with increasing elevation, which is mainly due to the improvement of water-conditions and nutrients along the altitude gradient . Species richness, diversity and evenness were not significantly related to other environmental variables except elevation in the studied communities, which is an exception of mountain vegetation studies (Zhang et al., 2006b; Zhang and Chen 2007) . In Lishan Reserve and Taihang Mountain, species richness, diversity and evenness were significantly correlated with soil organic matter and nutrients (Zhang et al., 2006b; . T. chinensis var. mairei forests distributed in the lower area (730 -950 m) with comparatively poor soil, and the forest structure, composition, diversity and its soil were all under development (Ma, 2001; Ru et al., 2006) . Therefore, the interaction patterns of species diversity with environmental variables were different from that in mature communities (Anderson, 1982; Zhang et al., 2006) .
For conservation of T. chinensis var. mairei and its forests, one natural reserve should be established in the studied region, which must be effective in controlling cutting for medicine and other interferences (Huo et al., 2007; Sajwan and Kala, 2007; . In the reserve, planting T. chinensis var. mairei sapling in suitable communities can increase its cover and density, which can accelerate the development and regeneration of the forests (Sun et al., 2007; Zhang and Chen, 2007) . Additionally, soil fertilization should be used for young plantations to improve the living conditions which are effective in enriching species composition and diversity (Ru et al., 2006; Jin et al., 2007) .
